Aim To evaluate the impact of hypoxia and hypoxia mimetic agents (HMA) on the formation and activity of spheroids by dental pulp cells (DPC). Methodology DPC on agarose-coated plates were treated with hypoxia and the HMA dimethyloxallyl glycine (DMOG), desferrioxamine (DFO) and L-mimosine (L-MIM). Images of spheroids were taken directly after seeding and at 6 h and 24 h. Spheroid sizes were quantified by area measurement with ImageJ software. Viability was assessed with Live-Dead staining, MTT and resazurin-based toxicity assay. Production of VEGF, IL-8 and SDF-1 was evaluated using immunoassays. Data were analysed using KruskalWallis test and post hoc Mann-Whitney U-test. Results DPC formed spheroids in the presence of hypoxia, HMA and combined treatment with hypoxia and HMA. No pronounced difference in spheroid size was found in the groups treated with hypoxia, DMOG, DFO, L-MIM and the combination of hypoxia and the HMA relative to their normoxic controls (P > 0.05). Spheroids appeared vital in Live-Dead and MTT staining and the resazurin-based toxicity assay. Evaluation of protein production with immunoassays revealed significantly enhanced levels of VEGF and IL-8 (P < 0.05), but there was no significant effect on SDF-1 production (P > 0.05). Treatment with a combination of hypoxia and HMA did not further boost VEGF and IL-8 production (P > 0.05). Conclusions Pre-conditioning with hypoxia and HMA increased the pro-angiogenic capacity of spheroids whilst not interfering with their formation. Preclinical studies will reveal whether pre-conditioning of spheroids with hypoxia and HMA can effectively improve the efficiency of cell transplantation approaches for regenerative endodontics.
Introduction
Regenerative endodontics focuses on regeneration of the dental pulp rather than repair (Janji c et al. 2016) . This has led to the development of novel experimental strategies based on the principles of tissue engineering (Albuquerque et al. 2014 , Cao et al. 2015 , Janji c et al. 2016 . These strategies involve the application of cells, growth factors and scaffolds -the classical 'triad' of tissue engineering (Albuquerque et al. 2014 , Cao et al. 2015 , Janji c et al. 2016 . It has been proposed that the ideal scaffold mimics the dental pulp tissue regarding material properties and supports the cellular processes underlying regeneration, including proliferation and differentiation of transplanted cells. Over time, scaffold material should degrade and be replaced with newly formed pulp tissue to achieve full regeneration. In addition, the scaffold material has to be both easy to handle and feasible for clinical application in endodontics. Hydrogels based on collagen and fibrin have been suggested (Rosa et al. 2013 , Ruangsawasdi et al. 2014 , Kwon et al. 2017 . Whilst intensive efforts have been made to evaluate various scaffold candidates, the ideal composition of the scaffold material has not been found. Thus, novel strategies follow a scaffold-free approach, where dental pulp cells (DPC) are grown in 3D microtissues -also known as spheroid cultures. (Dissanayaka et al. 2014 (Dissanayaka et al. , 2015 There, cells provide and generate their own matrix which is considered to mimic the extracellular matrix in the pulp tissue, being a step closer to the in vivo situation.
Spheroid models have been developed for in vitro studies in developmental science and stem cell research (Xiao & Tsutsui 2013 , Xiao et al. 2014 . Also in vitro biocompatibility and toxicity assays have been established based on these culture models (Banerjee & Bhonde 2006 . Spheroids generated in these cultures have been applied successfully for in vitro studies where they attach and grow on the surface of dentine slices and on the inner surface of root canals (Neunzehn et al. 2014) . Furthermore, spheroid cultures promote differentiation in the odontoblastic lineage (Yamamoto et al. 2014) . Spheroids have also been successfully tested for pulp regeneration in vivo in ectopic animal models (Dissanayaka et al. 2014 (Dissanayaka et al. , 2015 . Here, the application of spheroids, consisting of dental pulp stem cells and endothelial cells, seems to be more beneficial than the application of spheroids of dental pulp stem cells alone (Dissanayaka et al. 2014 (Dissanayaka et al. , 2015 . These results highlight the importance of angiogenesis for cell transplantation approaches and successful regeneration (Saghiri et al. 2015) .
A novel strategy to stimulate the pro-angiogenic capacity of DPC is pre-conditioning with hypoxia or hypoxia mimetic agents (HMA), an approach that has been shown to stimulate the production of proangiogenic growth factors and to increase engraftment of transplanted cells (Hu et al. 2008 , M€ uller et al. 2012 , Najafi & Sharifi 2013 , Jiang et al. 2014 , Liu et al. 2014 , Cruz & Rocco 2015 . HMA include prolyl hydroxylase inhibitors such as dimethyloxallyl glycine (DMOG), desferrioxamine (DFO) and L-mimosine (L-MIM) which trigger a similar cellular response as hypoxia by stabilization of HIF-1 alpha, a labile transcription factor that serves as cellular oxygen sensor (Fraisl et al. 2009 ). Hypoxia and HMA can induce the production of signalling factors involved in angiogenesis (Fraisl et al. 2009 ). These factors include vascular endothelial growth factor (VEGF) and interleukin (IL)-8 (M€ uller et al. 2015 (M€ uller et al. , Wu et al. 2016 , although there is no distinct effect of hypoxia and HMA on IL-8 production in vitro , Lakatos et al. 2016 . Furthermore, hypoxia pre-conditioning can modulate stromal cell-derived factor (SDF)-1 production in mesenchymal stem cells (Gong et al. 2010) . SDF-1 is an important factor for cell migration and homing and is also involved in differentiation of odontoblasts (Kim et al. 2014) . In addition to the pro-angiogenic effects, pre-conditioning supports cell homing and cell survival (Stubbs et al. 2012 , Najafi & Sharifi 2013 , Liu et al. 2014 . Thus, pre-conditioning cells during spheroid formation could be a feasible method to further support spheroid-based regenerative approaches for pulp regeneration. Research in this direction is therefore of great relevance in this field. However, it is unclear whether hypoxia and HMA affect the process of DPC spheroid formation, which is essential for the development of pre-conditioning approaches with spheroids.
This study assessed the effect of hypoxia, HMA and their combination on the formation of DPC spheroids regarding cell viability, time span until spheroids were formed and spheroid sizes at different time-points. To validate the responsiveness to hypoxia, HMA and their combination, the production of VEGF, SDF-1 and IL-8 was assessed.
Materials and methods

Isolation and culture of dental pulp cells
Human DPC were isolated from extracted third molars with no sign of inflammation, to which informed consent was given (#631/2007, Ethics Committee of the Medical University of Vienna, Vienna, Austria). The pulp chambers were opened and pulp tissue was harvested under sterile conditions. Explant cultures from the pulp tissue were performed and DPC were isolated through outgrowth. Cells were cultured in alpha-minimal essential medium (Gibco, Invitrogen Corporation, Carlsbad, CA, USA) supplemented with 10% foetal calf serum (PAA Laboratories, Linz, Austria), penicillin G at 100 U mL
À1
, streptomycin at 100 lg mL À1 and amphotericin B at 2.5 lg mL
(Gibco) at 37°C, 5% CO 2 and 95% atmospheric 
Spheroid formation
Spheroid cultures were performed following the protocol of Le with minor modifications. Ninety-six well plates were coated with 80 lL of 1.5% agarose. Cells for experiments were used between passages 3 and 8 and were seeded at 10 000 cells/well. This cell number was chosen based on previous in vitro studies using 3D spheroid cultures and 2D monolayer cultures , M€ uller et al. 2016 . After seeding, cells were treated immediately with DMOG at 300 lM, DFO at 300 lM and L-MIM at 1000 lM. These concentrations were based on previous cell toxicity assays (M€ uller et al. 2012) . Spheroids were cultured under normoxic and hypoxic conditions. To induce hypoxia, a previously published in vitro approach was implemented with minor modifications (Steinbach et al. 2004 , Gruber et al. 2008 , Janjic et al. 2017 . Hypoxic conditions were induced by the BD GasPak EZ Pouch system (Becton, Dickinson and Company, Franklin Lakes, NJ, USA). The system was developed for in vitro cultures to isolate and culture anaerobic bacteria. The manufacturer describes that oxygen levels <1% are rapidly established with >10% carbon dioxide within 24 h when applying the culture plates into the pouches. The plates were placed in the pouches directly after seeding. An indicator was used to verify the hypoxic conditions over the observation period. This system allowed handling of the plates and evaluation of spheroid formation in the microscope over time without compromising the hypoxic conditions. Untreated DPC cultured at 37°C and 5% CO 2 under normoxic conditions (Ambient O 2 levels of 21%) served as control group (normoxia without (W/O). To evaluate spheroid formation, images of the cultures were taken directly after seeding and treatment, 6 h and 24 h post-seeding. These time-points were chosen based on periodic observations with the purpose of showing the initial state of the experiment, the time-point when all DPC assembled at one place in each well and the time-point when the cell assembly forms a tight spheroid. Images were taken with a light microscope. The area of the spheroids after 6 h and 24 h was assessed using an image processing and analysing software (ImageJ, Bethesda, MD, USA) and is presented normalized to normoxic W/O group. Furthermore, the diameter was calculated based on the spheroid area using the following formula:
Then, spheroid volume was calculated based on the area using the following formula:
3 After 24 h, culture supernatants were collected and subjected to immunoassays. Cell spheroids were subjected to viability assays including LiveDead staining, MTT assay and resazurin-based toxicity assay.
Live-Dead staining
Spheroid cultures were stained with the Live-Dead Cell Staining Kit (Enzo Life Sciences AG, Lausen, Switzerland) according to the instructions of the manufacturer. Spheroids were evaluated using fluorescence microscopy for green and red, with a B-2A filter (excitation filter wavelengths: 450-490 nm), respectively. Vital cells appeared green whilst dead cells would have appeared red. Images were taken.
MTT assay
Spheroid cultures were incubated with 1 mg mL À1 MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma-Aldrich, St. Louis, MO, USA) at 37°C for the last 2 h after the incubation period outside of the pouches. Then, formation of formazan was observed under a light microscope. Images were taken.
Resazurin-based toxicity assay
A resazurin-based toxicity assay was performed according to the manufacturer's protocol. Resazurin dye solution (Sigma-Aldrich) in an amount equal to 10% of the culture medium and agarose volume was added to the cells with hypoxia treatment or with HMA at the beginning of culture, as the aim was to maintain hypoxic conditions and not to further disturb the cells during spheroid formation. The cells were incubated at 37°C for 24 h. Fluorescence was evaluated using a Varioskan Flash (Thermo Scientific, Waltham, MA, USA) at a wavelength of 590 nm, using an excitation wavelength of 560 nm. In this assay, a negative control was included consisting of cell culture medium without cells. The data were normalized to the respective negative control in each plate and are presented relative to the normoxic control (normoxia W/O).
Immunoassays for vascular endothelial growth factor, stromal cell-derived factor-1 and interleukin-8
Culture supernatants collected 24 h post-cell seeding were subjected to measure VEGF, SDF-1 and IL-8 levels by ELISA (Standard ABTS ELISA Development Kit for human VEGF, human IL-8 and human SDF-1 a, Peprotech, Rocky Hill, NJ, USA). The optical density obtained from the samples was measured at 405 nm in a spectrometer (Spectra max 384 PLUS, Szabo-Scanic HandelsgmbH & Co KG, Vienna, Vienna, Austria). The concentration of total VEGF, SDF-1 and IL-8 was calculated with the standard curve method as described by the manufacturer.
Statistical analysis
Data were compared using Kruskal-Wallis and post hoc Mann-Whitney U-test and presented as mean + standard deviation. Significance was assigned at the P < 0.05 level.
Results
Spheroids form in the presence of hypoxia and hypoxia mimetic agents
First, the impact of hypoxia and HMA on the formation of spheroids was evaluated. The capacity of DPC to form spheroids was not modulated by the presence of DMOG, DFO, L-MIM, with or without hypoxia (Fig. 1a) . During the first hour of the experiment, DPC started to assemble into a cluster. More condensed clusters were observed after 6 h when almost all cells assembled at one place in a well. Tight spheroids had formed after 24 h. DPC formed spheroids in a similar rate in all treatment groups and the W/O group under normoxic conditions (Fig. 1a,b,c) . Quantification of the spheroid area did not reveal significant differences between the DMOG-or the DFOtreated groups and the W/O group under normoxia at 6 h ( Fig. 1b, P > 0.05) . A greater spheroid area was found in the L-MIM-treated group compared to the W/O group under normoxia at 6 h ( Fig. 1b , P < 0.05). No significant difference in spheroid area was observed between all groups under normoxic and hypoxic conditions with and without HMA at 24 h (Fig. 1b, P > 0.05) . The spheroid volume and the diameter were further quantified (Table 1) . Also no significant differences were observed between the groups at 24 h (Table 1) . Overall, HMA alone or together with hypoxia did not hinder formation of spheroids by DPC.
Dental pulp cell spheroids survive treatment with hypoxia, HMA and their combination
To assess the impact of conditioning with hypoxia, HMA or the combination of hypoxia and HMA on viability of DPC-derived spheroids, Live-Dead staining, MTT staining and the resazurin-based toxicity assay were used. Spheroids stained with the Live-Dead staining kit appeared green in all groups, indicating that the cells remained vital (Fig. 2a) . Spheroids treated with hypoxia and HMA formed formazan in the presence of MTT, which was indicated by the dark violet staining in light microscopy (Fig. 2b) . Also the evaluation of cell viability using the resazurin-based toxicity assay revealed conversion of the substrate, suggesting vital cells. A negligible reduction of resazurin conversion was observed upon treatment with HMA in all groups under normoxia ( Fig. 2c , P > 0.05). Furthermore, a slight but significant decrease was observed upon treatment with hypoxia with and without DMOG and DFO ( Fig. 2d , P < 0.05).
Hypoxia mimetic agents and hypoxia increase VEGF and IL-8, but not SDF-1 production in spheroid cultures of dental pulp cells Whether hypoxia, HMA and their combination modulated the protein production of VEGF, SDF-1 and IL-8 in DPC in their formation of spheroids was assessed (Fig. 3a,b,c) . The data revealed that VEGF production was significantly increased by the HMA DMOG, DFO and L-MIM 8.7-, 9.0-and 10.6-fold, respectively ( Fig. 3a , P < 0.05). Although hypoxia also increased VEGF by 3.5-fold (P < 0.05), the treatment with HMA under hypoxia did not further boost VEGF production significantly (P > 0.05). A similar effect was observed on IL-8 production. The HMA DMOG and L-MIM and hypoxia increased IL-8 levels by 2.4-fold, 2.3-fold, 2.6-fold and 4.2-fold, respectively ( Fig. 3c , P < 0.05). However, the combination of hypoxia and DMOG or L-MIM did not further boost the IL-8 production significantly (P > 0.05). Under hypoxic conditions, the increase upon DFO treatment reached the level of significance (P < 0.05). No significant impact of hypoxia, HMA and their combination was found on the production of SDF-1 in DPC forming spheroids (Fig. 3b) . Overall, hypoxia and HMA increase VEGF Figure 1 Formation of spheroids by dental pulp cells is not inhibited by hypoxia and hypoxia mimetic agents. Images were taken after seeding of dental pulp cells and at 6 h and 24 h (a). Area of spheroids was assessed after 6 h (b) and 24 h (c). Normoxia control (Normoxia without (W/O)), cells treated with hypoxia alone (Hypoxia W/O) and cells treated with dimethyloxallyl glycine (DMOG), desferrioxamine (DFO) and L-mimosine (L-MIM) with and without hypoxia. Three independent experiments with three cell donors were performed (N = 9). *P < 0.05 vs. normoxia control (Normoxia W/O).
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and IL-8, but not SDF-1. Combination of hypoxia and HMA treatment failed to further boost the effect.
Discussion
The results revealed no pronounced difference in terms of spheroid area between treatment groups and W/O groups in spheroids forming in the presence of hypoxia, HMA and their combinations. Cells remained vital over the observation period of 24 h both in all treatment groups and in the W/O group. In line with this, the quantification of spheroid size revealed no pronounced difference in all treatment groups and in the W/O group. At protein levels, hypoxia and HMA could stimulate VEGF and IL-8 production in DPC spheroids, whilst no significant effect on SDF-1 production was observed.
From these results, it can be concluded that hypoxia, HMA and their combinations do not compromise the capacity of DPC to form spheroids and that DPC remain responsive to hypoxia and HMA treatment as observed based on the increase in the production of pro-angiogenic growth factors. Based on LiveDead and MTT staining, evaluation of viability of the spheroids after 24 h revealed no substantial toxic effects of hypoxia, HMA and their combinations. L-MIM could also reduce the effect on substrate conversion observed with hypoxia treatment in the resazurin-based toxicity assay, where the data were normalised to the respective negative controls and presented relative to the normoxic untreated control. This was done to show the impact of hypoxia on cellular activity and verify their viability. Although toxic effects of HMA have been reported at higher concentrations, the concentrations applied were chosen based on dose-finding studies with monolayer cultures of DPC to be below the toxic range (M€ uller et al. 2012) , which is in line with the staining results and the fact that only a slight reduction of resazurin was observed, which was limited to the hypoxia-treated groups with and without DMOG and DFO. Thus, the finding that HMA under the present conditions did not substantially impair cell viability is in line with these data (M€ uller et al. 2012) .
In the in vitro set-up, standard culture conditions with ambient O 2 levels of~21% and 5% CO 2 for normoxic conditions were used. For hypoxic cultures, the BD GasPak EZ Pouch system was applied. The manufacturer describes that oxygen levels <1% are rapidly established with >10% carbon dioxide within 24 h. This decrease in oxygen levels was verified with an oxygen indicator in the pouches. However, the atmosphere in the normoxic and hypoxic groups in the system does not only differ with regard to the oxygen levels but also with regard to the CO 2 levels. The results indicate that cells survive these conditions and that a similar hypoxia-like response in the HMA groups and the hypoxia group is initiated within 24 h. Similar approaches have been successfully used in previous studies even for longer culture times (Steinbach et al. 2004 , Gruber et al. 2008 , Janjic et al. 2017 . Altogether, these results support the feasibility of the system.
As the observation period was 24 h, it is not possible to draw any conclusions on the effects in longer conditioning periods. However, in spheroid cultures during periods of more than 3 days, hypoxia paralleled by an increase in VEGF production was observed in the core of the spheroids, which lead to apoptosis and necrosis and to the formation of compartments , Yamamoto et al. 2014 . Based on these results, neither the number of cells that can be recovered, nor the time span needed for these cells to recover from the treatment to achieve full responsiveness to growth factors, and differentiation factors can be determined (Gruber et al. 2008) . The observation that combination of hypoxia and HMA conditioning does not synergistically increase the pro-angiogenic capacity of the spheroids suggests that conditioning at later time-points might not be relevant for the cells in the core of the spheroids, which are already exposed to hypoxic condition by the nature of the model. However, by conditioning during the phase of spheroid formation, the cells in the core will already adapt to hypoxia before hypoxia has been established in the core of the spheroids.
In the present study, human primary cells from three different donors were used. Spheroid size based on the area that does however not directly reflect the 3D structure was analysed. Thus, further analysis was performed where the diameter and volume of spheroids were calculated. This calculation was based on the assumption that spheroids are spherical. This assumption is an approximation, as spheroids are not perfect spheres. Also, these analyses did not reveal any differences between the groups. Although DPC from all donors formed spheroids, the absolute size varied from donor to donor. The reason for these size differences has to be tested in further experiments. It might contribute to the high standard deviations also with regard to the production of VEGF, SDF-1 and IL-8. Whilst there may be differences in the responsiveness of DPC during spheroid formation, also differences in the donor response to HMA have been observed in monolayers. If these differences affect the efficiency in tissue engineering, new approaches need to be determined.
The results on VEGF and IL-8 production are in line with previous findings in monolayer cultures Figure 2 Dental pulp cells forming spheroids survive the treatment with hypoxia, hypoxia mimetic agents and their combination. Viability of dental pulp cell spheroids assessed with Live-Dead staining (a), MTT staining (b) and a resazurin-based toxicity assay (c). Normoxia control (Normoxia without (W/O)), cells treated with hypoxia alone (Hypoxia W/O) and cells treated with dimethyloxallyl glycine (DMOG), desferrioxamine (DFO) and L-mimosine (L-MIM) with and without hypoxia. Three independent experiments with three cell donors were performed (N = 9). *P < 0.05 vs. normoxia control (Normoxia W/O). , M€ uller et al. 2012 , Jiang et al. 2014 . However, it was observed that combining hypoxia and HMA does not substantially boost the production of VEGF and IL-8, which suggests that the combined treatment would not lead to better outcomes in vivo. Whilst VEGF and IL-8 were increased by hypoxia and HMA, SDF-1 was not. Likewise, no reduction of SDF-1 was observed, while a reduction was shown in monolayer cultures of dental pulp stem cells, previously (Gong et al. 2010) . A possible explanation for this is the difference in the culture conditions. The present assays comprised a short-term 24-h spheroid culture. It is known that longer culture periods of 7 days can affect the levels of SDF-1 during odontoblastic differentiation (Kim et al. 2014) . Indeed, longer culture conditions might lead to a differential response of SDF-1, in particular as hypoxia, DFO and L-MIM differentially modulate odontoblastic differentiation (Jiang et al. 2014 (Jiang et al. , M€ uller et al. 2015 . In the present study, the focus was on the phase of spheroid formation and the impact of HMA and hypoxia. Future studies will need to address the impact on long-term cultures.
The presented strategy for pre-conditioning of DPC during spheroid formation might increase the success of spheroid-based tissue engineering strategies for pulp regeneration. Pre-conditioning during spheroid formation could not only reduce the preparation Figure 3 Hypoxia and hypoxia mimetic agents increase VEGF and IL-8, but not SDF-1 production in spheroid cultures of dental pulp cells. Relative protein levels of vascular endothelial growth factor (VEGF) (a), stromal cell-derived factor 1 (SDF-1) (b) and interleukin (IL)-8 (c) in culture supernatants of dental pulp cell spheroids. Bars represent the mean + standard deviation relative to the untreated normoxia controls (Normoxia without (W/O)). Cells treated with hypoxia alone (Hypoxia W/O) and cells treated with dimethyloxallyl glycine (DMOG), desferrioxamine (DFO) and L-mimosine (L-MIM) with and without hypoxia. Three independent experiments with three cell donors were performed (N = 9). *P < 0.05 vs. normoxia control (Normoxia without (W/O)).
time before transplantation, but it also could increase cost-effectiveness and it could additionally have a potential positive effect when applying spheroids from DPC and endothelial cells. The increase in VEGF and IL-8 can support angiogenesis and might even kick-start angiogenesis in spheroids consisting of endothelial cells and DPC when applied in pulp regeneration models. A novel approach involves transplantation of spheroids of dental pulp and endothelial cells (Dissanayaka et al. 2014) . Preliminary experiments with spheroid cocultures of DPC and human umbilical vein endothelial cells indicate that hypoxia, HMA and their combination do not prevent spheroid formation either (Fig. S1 ). Further studies are needed to evaluate whether the presented conditioning protocol can improve the formation of spheroids consisting of DPC and endothelial cells and whether this can improve the efficiency of tissue engineering approaches with spheroid cocultures. In addition to the observed pro-angiogenic effects, preconditioning can support cell survival and engraftment, thus contributing to the success of pulp regeneration strategies (Hollenbeck et al. 2012 , Stubbs et al. 2012 . Future studies are needed to determine whether pre-conditioning of spheroids for regenerative endodontics is a feasible approach for pulp regeneration and to determine which protocol is most effective to stimulate novel pulp tissue formation to enhance regeneration.
It has been shown that conditioning of DPC with hypoxia and HMA does not compromise their capacity to form spheroids, but it increases their pro-angiogenic capacity. The combined treatment with hypoxia and HMA does not further increase the effect.
Conclusion
Hypoxia, HMA and their combination did not compromise the process of DPC spheroid formation, neither in terms of cell viability nor in terms of duration of spheroid formation or of spheroid areas during the first hours in culture. At protein levels, an increase in VEGF and IL-8 production could be shown, whilst hypoxia, HMA and their combination did not have any significant effect on SDF-1 production. Neither did the combination of both hypoxia and HMA show any synergistic effects. Further studies in pre-clinical models are required to find out whether pre-conditioning of DPC during spheroid formation supports pulp regeneration in tissue engineering approaches. Figure S1 . Formation of spheroids by cocultures of dental pulp cells and endothelial cells is not inhibited by the presence of hypoxia and hypoxia mimetic agents. Dental pulp cells were stained with DiO, and endothelial cells (HUVEC) were stained with DiI and seeded at a 1 : 1 (a) ratio and a 3 : 1 ratio (b) (30 000 cells/cm²). Then, spheroids were allowed to develop in the presence of hypoxia, the hypoxia mimetic agents dimethyloxallyl glycine (DMOG), desferrioxamine (DFO) and L-mimosine (L-MIM) under normoxic and hypoxic conditions. Fluorescence microscopy was performed with B-2A filter and after 24 h with G-2A filter. Images were then merged using ImageJ. Spheroids had formed: The dental pulp cells appeared green, endothelial cells appeared red, and overlap appeared yellow. Normoxia control (Normoxia W/O), cells treated with hypoxia without any further treatment (Hypoxia W/O).
